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Scheme S1B. A schematic drawing of the combination of the ZnSe monomer leads to nucleation/growth of ZnSe NCs.
Scheme S2A.
31
P NMR spectra at different temperature of Figure 1 Batch left-top TOPSe stock solution made with a feed molar ratio of 1Se-1TOP 97%. 85% H 3 PO 4 was used as an external standard. No DOPSe (δ 4.7 ppm) was detected in the stock solution, but some DOP (δ -68.9 ppm), together with TOPSe (δ 36.8 ppm) and TOP (δ -31.5 ppm). It is worthy of notice that another Se-containing species (δ 48.4 ppm) was detected.
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Scheme S2B. 31 P NMR spectra at different temperature of Figure 1 Batch left-bottom TOPSe stock solution made with a feed molar ratio of 1Se-1TOP 90%. 85% H 3 PO 4 was used as an external standard. No DOPSe (δ 4.7 ppm) was detected in the stock solution, but some DOP (δ -68.9 ppm), together with TOPSe (δ 36.8 ppm) and TOP (δ -31.5 ppm). It is worthy of notice that another Se-containing species (δ 48.4 ppm) was detected.
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Scheme S2C. 31 P NMR spectra at different temperature of Figure 1 Batch left-bottom TOPSe stock solution made with a feed molar ratio of 1Se-1TOP 90%, and with the addition of 3DPP. 85% H 3 PO 4 was used as an external standard. No DOPSe (δ 4.7 ppm) nor DPPSe (δ 7.5 ppm) was detected, but some DOP (δ -68.9 ppm), together with TOPSe (δ 36.8 ppm), TOP (δ -31.5 ppm), and DPP (δ -39.5 ppm). It is worthy of notice that another Se-containing species (δ 48.4 ppm) was detected.
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Scheme S3.
31
P NMR spectra collected from a mixture of zinc oleate in ODE and DPP (with a feed molar ratio of 1Zn-to-1DPP)). The NMR sample was prepared in a glovebox and was S2 loaded in a NMR tube and properly sealed. The peak 1 at -1.7 ppm might be a Zn-P intermediate, OA-Zn-PPh 2 or Ph 2 P-Zn-PPh 2 . 6 The peak 2 at -14.5 ppm might be Ph 2 P-PPh 2 . 6 The formation of the Zn-P intermediate at 80 °C is worthy of notice, supporting the observed results that the order of the DPP and SeTOP addition to a ZnOA 2 solution in ODE at 80 °C did not affect the resulting nucleation/growth of ZnSe NCs ( Figure S1B ).
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Figure S1A. Comparison of the nucleation/growth of the samples from the four batches shown in Figure 1 with the same growth periods of 15 minutes at the same temperature of 160, 180, 200, 220, 240, 260 , and 280 °C. Figure S2A with the same growth periods of 15 minutes at the same temperature of 120, 140, 160, 180, 200, 220, 240, 260 , and 280 °C. No DPP was added to these three batches. The 4Zn-to-1Se feed molar ratio was used for the rest batches in the present study. °C until no vigorous bubbling. The mixture was then heated to 300 °C under N 2 and a clear solution was observed. Afterwards, the mixture was cooled down to ~110 °C and was degassed (~50 mtorr) again for 1 h. Under N 2 protection, the mixture was finally cooled down to room temperature.
To prepare the TOPSe stock solutions with a feed molar ratio of 1Se-to-1TOP (TOP 97%) and 1Se-to-1TOP (TOP 90%), Se powder and TOP were loaded into single-necked 25-mL flasks in a glovebox filled with N 2 . For the former, 0.8520 g (10.793 mmol) Se powder was mixed with 4.1101 g TOP 97 % (11.090 mmol without the consideration of 97% purity and 10.758 mmol with) in 1.5288 g ODE. For the latter, 0.8550 g (10.831 mmol) Se powder was mixted with 4.1574 g TOP 90% (11.217 mmol without the consideration of 90% purity and 10.095 mmol with) in 1.6544 g ODE. The mixtures were stirred overnight at room temperature and then were gently heated for a few minutes. Clear solutions were obtained with a tiny amount of Se powder remained. Note that these two stock solutions were used for the syntheses and for NMR.
To prepare the DPPSe stock solution with a feed molar ratio of 1Se-to-1DPP, 0.12 g (1.5 mmol) elemental Se was dissolved in 0.26 mL (1.5 mmol) DPP in the glovebox. Heat was applied and a clear yellow solution was generated. The solution was allowed to cool to room Ultraviolet-visible (UV-Vis) absorption spectra were collected with a Lambda 45 PerkinElmer spectrophotometer using a 1-nm data interval. PL emission spectra were collected with a HORIBA JOBIN YVON FluoroMax-3 spectrofluorometer equipped with a Xenon arc lamp. The fluorescence spectra were collected with the increment of 1 nm. The PL QY was estimated by comparing the sample emission intensity with that of quinine sulfate dye in 0.05 M H 2 SO 4 (lit.
QY ~ 0.546); the optical density at 350 nm of the dye and QD solutions were controlled to be ~0.1, while the excitation wavelength was 350 nm. Corrections were made for the difference of the refractive index of the two solvents.
Purification was conducted for characterization with X-ray diffraction (XRD) and transmission electron microscopy (TEM). Briefly, crude nanocrystals were mixed with toluene and methanol with a 1:1:1 volume ratio. White solid was collected with 10-minute S6 centrifugation, and was dispersed into a mixture of toluene and methanol (with a 1:2 volume ratio). Mixing and centrifugation were repeated, and the resulting solid was dispersed in hexane (with a 1solid : 2solvent volume ratio). With acetone as a precipitating solvent, the supernatant was removed, and the remaining solid was experienced, again, the purification procedure with hexane and acetone. Each step of the purification process was monitored by Ultraviolet-visible (UV-vis) absorption.
For powder XRD, the purified nanocrystals were deposited onto a low-background quartz plate. The XRD pattern was recorded at room temperature on a Bruker AXS D8 X-ray diffractometer using Cu Kα radiation in a θ-θ mode. The generator was operated at 40 kV and 40 mA, and data were collected between 15° and 80° (2θ), with a step size of 0.1° and counting time of 5 second per step.
For TEM, the sample was prepared by depositing a drop of a purified nanocrystals dispersion (diluted in toluene) onto a 400-mesh thin carbon-coated TEM copper grid and allowed to air dry. TEM images were obtained on a JOEL JEM-2100F transmission electron microscope operating at 200 kV and equipped with a Gatan UltraScan 1000 CCD camera. Scheme S2A. 31 P NMR spectra at different temperature of Figure 1 Batch left-top TOPSe stock solution made with a feed molar ratio of 1Se-1TOP 97%. 85% H 3 PO 4 was used as an external standard. No DOPSe (δ 4.7 ppm) was detected in the stock solution, but some DOP (δ -68.9 ppm), together with TOPSe (δ 36.8 ppm) and TOP (δ -31.5 ppm). It is worthy of notice that another Se-containing species (δ 48.4 ppm) was detected. 
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(1) Scheme S3. 31 P NMR spectra collected from a mixture of zinc oleate in ODE and DPP (with a feed molar ratio of 1Zn-to-1DPP)). The NMR sample was prepared in a glovebox and was loaded in a NMR tube and properly sealed. The peak 1 at -1.7 ppm might be a Zn-P intermediate, OA-Zn-PPh 2 or Ph 2 P-Zn-PPh 2 .
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The peak 2 at -14.5 ppm might be Ph 2 P-PPh 2 . The temporal evolution of corresponding emission (normalized) from right top to bottom. Figure S2B . Comparison of the nucleation/growth of the samples from the four batches shown in Figure S2A with the same growth periods of 15 minutes at the same temperature of 120, 140, 160, 180, 200, 220, 240, 260 , and 280 °C. (4) 50OLA-50ODE
